Prevalence of Lyme borreliosis in canine sentinels has been shown to correlate with infection in humans. One thousand canine sera (917 dogs, 83 coyotes) obtained from animal control authorities and area veterinarians were screened by ELISA for antibodies to Borrelia burgdorferi. Results were validated by Western blot and indirect fluorescent antibody (IFA) tests at referee laboratories. Criterion for a positive Western blot was presence of 5 of 10 of the most common antigen IgG bands; for IFA, Ͼ1:128 or the equivalent when correcting for interlaboratory variability. Twenty-two of 1,000 canines were confirmed serologically positive (21 dogs and 1 coyote; seroprevalence 2.3% and 1.2%, respectively). Lifestyle, breed size, gender, and age were not statistically predictive of seropositive status. No regional clustering of seropositive animals was detected. The low prevalence of seropositivity in sentinel canines suggests the Lyme borreliosis hazard in San Diego County is minimal.
Lyme disease (or LB, Lyme borreliosis) is a multisystem infection transmitted by ixodid (hard-bodied) ticks and caused by the spirochete Borrelia burgdorferi. The effects of Lyme disease are not limited to humans; disease has been described in cats, dogs, horses, goats, and cattle. 1, 5, 19 Dogs, because of their proximity to humans and apparent higher risk of infection, have been used as sentinel animals to determine B. burgdorferi endemicity. 2, 8, 9, 15, 17, 23 San Diego County, California, is a large and ecologically diverse region comprising 4,500 mostly rural square miles and defines the southwestern margin of California and the United States. This study, utilizing serologic testing of dogs and coyotes, addressed whether B. burgdorferi is enzootic in this area. The data indicate very low or insignificant infection rates.
Materials and methods
Canine sera were solicited from local veterinarians, trappers, animal shelters, and humane societies. Samples were collected over 1 yr (Mar 1992-Mar 1993). One thousand canine sera were obtained (917 dog, 83 coyote). Sera were initially screened by ELISA a and were considered ELISA positive if spectrophotometrically three standard deviations above mean optical density of samples from control animals. To improve specificity testing, ELISA-positive sera were to be subjected to validation by confirmatory tests. 7, 11 ELISApositive sera (and a random selection of ELISA-negative controls) were sent to two referee laboratories for split-sample Western blot and indirect fluorescent antibody (IFA) confirmation (R. Choyce, Brooke Army Medical Center, San Antonio, TX; J. L. Marx, Marshfield Research Foundation, Marshfield, WI). Whenever technically possible, both Western blot and IFA were performed by both referees. In immunoblotting, the criterion for a positive Western blot was established as the presence of 5 of 10 of the most common antigen IgG bands (18, 21, 28, 30, 39, 41, 45, 58, 66 , and 93 kD) (J. J. Marx, Marshfield Research Foundation, personal communication). In IFA confirmatory testing, titers 1: 128 were considered positive; 18 because one referee laboratory consistently tested one dilution lower, 1:64 was accepted as representing a positive determination from that facility.
Because cases were identified by serodiagnosis, the main outcome or dependent variable was confirmed seropositivity. Nine independent variables were considered: species of canine (Canis familiaris vs. Canis latrans), age, gender, breed size, residence lifestyle (rural, urban, or indoor), feral versus owner identifiable, lameness on examination, history of LB vaccination, and tick infestation observed at phlebotomy. Data were compiled in an ASCI file for computer-assisted analysis. For geographic risk assessment, the county was divided into four sectors. The demarcation between sectors (north county, east county, metropolitan, and south bay) was derived from popular usage. Animal residence was approximated by postal zip code where possible.
To identify potentially significant factors associated with confirmed seropositivity, estimates of relative risk were calculated as odds ratios with 95% confidence intervals. Mantel-Haenszel chi-square and corresponding P values were determined. In situations of very small sample size, Fisher's exact test computations were performed. 13 Possible interactions among variables were sought by multiple logistic regression analysis. b 
Results
Twenty-two of 1,000 specimens ultimately met serodiagnostic criteria for LB (21 dogs and 1 coyote; seroprevalence 2.3% and 1.2%, respectively). Sixtyeight canine sera (among 1,000 specimens tested) were ELISA positive; these and 19 ELISA-negative controls were sent for validation by Western blot and IFA. Samples obtained under field conditions sometimes hemolyzed, rendering Western blot interpretations unclear; for these sera, confirmatory testing relied on IFA alone (J. J. Marx, Marshfield Research Foundation, personal communication). One mail shipment of 30 split-sample sera was mistakenly held in an unrefrigerated warehouse, resulting in spoilage; this group was therefore subject to validation by one referee laboratory. Split-sample comparison of ELISA with IFA revealed a Spearman rank order correlation (r s ) of 0.626 (P Ͻ 0.001). Positive predictive value of a positive ELISA finding was 32%; negative predictive value of a negative ELISA was 100%. Concordance of IFA determinations between the two referee laboratories was 93%, with titers typically one dilution apart and one source reading consistently lower (IFA titers followed the regression equation y ϭ 0.059 ϩ 1.34x; coefficient of determination [R 2 ] ϭ 0.842). Concordance of Western blot with IFA interpretations was 88%.
No specific canine attributes were associated with seropositivity. Locations and sector seroprevalence rates are shown in Fig. 1 . Determinants of positive status are summarized in Table 1 . Coyote lifestyle was not statistically associated with positive LB serostatus (P ϭ 1.00); for feral canines, again no association was noted (P ϭ 0.54). Seropositivity was actually lower in coyotes (1 of 48, or 1.2%) than in indoor-only pet dogs (1 of 48, or 2.1%). Multiple logistic regression analysis did not contribute to identifying a meaningful predictive model through inclusion of covariates.
Discussion
Although B. burgdorferi has been isolated from competent vector ticks, its prevalence in local ticks is low enough that transmission to humans would appear to represent a minimal level of risk. 20, 21 Threat mitigation may be a function of unrecognized factors of vector competence, zooprophylaxis (the biological sink attendant to nymphal tick preference for the California fence lizard), 14, 16, 22 or the web of enzootic cycles operating in the environment. 3, 4 Results of this study suggest that prevalence of enzootic Lyme disease in San Diego County is correspondingly low. The low canine seroprevalence corresponds to the paucity of reported human LB cases (no locally acquired LB cases were recorded concomitantly for San Diego County for the period 1992-1993; E. Haas, San Diego County Health Services, personal communication). In the context of studies in adjacent Orange County, the findings are consistent (R. Evans, Orange County Veterinary Public Health, personal communication).
False-positive test results are a serious problem in screening any healthy population; screening for a condition at low prevalence is statistically flawed with low positive predictive value. 10, 11 The use of ELISA technology for screening optimizes sensitivity relative to specificity and can detect early seroconversion and low levels of antibodies. In this study, the positive predictive value of a positive ELISA, 32%, was actually quite high; reports of 12% are not unusual in the literature. 11 This result underscores concerns that screening tests for LB are often overly sensitive, are ordered too frequently, and require confirmatory testing. In humans as well as dogs, ELISA, Western blot, and IFA are each variably prone to biological false-positive results occurring in the presence of other infectious agents and immune modulators, including Epstein-Barr virus, varicella, Rickettsia rickettsiae, Treponema pallidum, various gram-positive and gram-negative bacilli, and rheumatoid factor. 6, 7, 12 Despite attempts at improving specificity through validation testing, these factors may have also worked to artificially inflate the true LB seroprevalence.
In this study, the low number of positives limited the power of subset analysis. Of nine independent variables considered, only a history of LB vaccination trended toward statistical significance (P ϭ 0.07). Two of three dogs with a history of LB vaccination showed evidence of serologic response (ELISA positive, Western blot equivocal or positive); the third dog had been vaccinated 2 weeks prior and may not have had time to mount an immunologic response. 2 This response demonstrates the obfuscating effect of vaccination on screening serologies in a population and the need for baseline studies in a vaccine-naive population.
Odds ratio calculations suggest no increased risk associated with residence in any of the county's geographic sectors, notably including the less developed and primitive areas (Fig. 1) . Camp Pendleton, a US Marine Corps training area representing that part of the north county sector arguably in the most pristine natural state, had the lowest seroprevalence (0.5%) and estimated relative risk 16 of the sector and county. Seroprevalence in the metropolitan sector, 4.6%, was the highest recorded in this study. Explanations for this finding might include undocumented importation of seropositive animals by high-mobility urban owners or contemporary urban landscaping with ''brush-border habitat'' styles that favor vector ticks. Whether very small areas of the county, individual hillocks or arroyos, might harbor microloci of hyperendemicity of B. burgdorferi was beyond the sensitivity of this investigation to determine. Larger sample size, more detailed habitat survey techniques, and ongoing surveillance of vectors and reservoir animals would be required to address that issue.
Perhaps the most telling finding in this study was feral canines, seemingly at greatest risk of exposure to infected ticks, demonstrated even lower seroprevalence than indoor-dwelling companion canines. Such low seroprevalence in sentinel canines suggests that the LB hazard in San Diego County remains minimal. As a ''negative'' study, this may offer ''positive'' information in the form of reassurance to pet owners and those with significant exposure to San Diego County vector ticks.
